guinea-pig, less calorific per 100 g than diet S.G. I . It also contained less protein and a little less fat. Most litters were born during the night; all new litters present at g am were reckoned to have been born on that day. The birth weights, sexes and the numbers in the litter were recorded, and each newborn was given a distinctive and permanent mark with a different colour or colour combination for each litter. The young in each litter were weighed daily until they were 7 days old and subsequently weekly. At 4 weeks of age they were weaned, the males and females were separated, and each was ear-marked, the number in the left ear denoting the mother's diet, and that in the right the individual's experimental number. They were then allocated randomly to one or other of the two dietary treatments, so that animals of all birth weights and experiences up to weaning were present on both. The young were weighed weekly until they died or were killed. The whole experiment was carried out three times on the first three litters of the same mothers, and later litters were used for additional birth weights and weaning weights and for analytical studies.
The effect of the diets on the weight at birth and at maturity was studied, as also the composition of the body, based upon determinations of total body water, total body fat, weights of viscera, skin and hair, dimensions of the femur, length of body (nose to anus), length of head (nose to base of skull), and length of the small and large intestines.
R E S U L T S Table 2 shows the amounts of the two diets consumed by the animals during their first pregnancy and during their first lactation. The results are approximations only, in that (u) the animals did not all give birth at the same time and there were, therefore, transitional periods in which the animals were not all in the same state; (b) the young began to consume some solid food soon after birth; to overcome this to some extent the figures are expressed per kg weight of adults and offspring taken together. In spite of these shortcomings, the figures show that during pregnancy the mothers ate more dry matter and obtained more calories on the sugar-beet diet, if the carbohydrate is reckoned by difference, but got little more if the fibrous carbohydrate is excluded from the calculations. They obtained roughly the same amount of protein on both diets, but the large intake of roughage on the sugar-beet diet must have reduced the amount of the protein available for maintenance or growth (McCance & Walsham, 1948-9; Meyer, 1958) . During lactation the intake of dry matter rose much less on the sugar-beet than on diet S.G. I, probably because of the bulky nature of the former (Dalton, 1965) . Whereas, therefore, the animals still got more calories/Ioo g on the sugar-beet diet, if the carbohydrate is reckoned by difference, they got fewer calories if the fibrous carbohydrate is excluded from the calculation and much less protein. Since guinea-pigs commonly mate immediately post partum (Rowlands, 1949) , it was possible to calculate the total number of litters that might have been born in the time available to each mother. The results show that the mothers on diet S.G. I had 83-6 yo of the litters they might have had if they had all mated successfully immediately after parturition, whereas those on the sugar-beet diet had only 69.3 yo. The records demonstrated that this difference in fertility was brought about by a fall in the number at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19650029 of successful matings immediately after parturition and not by an increase in the length of gestation. Table 3 shows the effect of the two diets on the mean numbers in, and total weight of, six successive litters and the mean weights of the individual young in each. The total weight of the average litter on diet S.G. I was greater than that of the corresponding litter on the sugar-beet diet. T h e mean number in the first litter was the same on each diet, and the mean weights of the young were consequently smaller on the sugar-beet diet. On diet S.G. I the mean numbers in second, third, fourth and fifth litters were greater than in the first, but this was accompanied by an increase in the total weight of the litters, so that the mean weights of individual young remained about the same. On the sugar-beet diet the number of young in the litters fell after the first one, and the mean weight of the individual young tended to rise. In litter one, therefore, the young were smaller than on diet S.G. I but equal in number; in the subsequent litters fewer young were born, but their weights were about the same. Fig. I shows the effect of the two diets on the number of young per litter. The information is based upon values for fifty litters and 181 young born to mothers on diet S.G. I and forty-two litters and 117 young born to mothers on the sugar-beet diet. On diet S.G. I there were two litters of one and two of seven or eight, whereas on the sugar-beet diet there were ten litters of one and none of eight. T h e whole trend on this diet was indeed towards smaller litters, and the results are in agreement with those already given in other contexts. were in the low birth-weight category and 41 % were in the high category, whereas 42% of the young born to mothers on the sugar-beet mixture were in the low birthweight grouping and only 26% in the high. Young guinea-pigs are able to take solid food shortly after birth, and guinea-pig mothers are known to suckle the young of other mothers. The mothers on the sugarbeet diet may not have produced so much milk, but there were fewer young to support because of the high mortality in the neonatal period. The percentage increment in weight from birth to weaning was greatest in the low birth-weight group, not so great in the medium and least in the high group. There appeared to be a small difference between the mean gain in weight from birth to weaning on the two diets, but it was not statistically significant. An examination of the significance of the regressions of weaning weight on birth weight gave a variance ratio of 0'97 for diet S.G. I and of 1.01
at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19650029
for the sugar-beet diet. Neither was significant, and it was, therefore, possible to examine the effect of birth weight on final size without having to make allowances for the effect of treatment up to weaning. Fig. z shows the increase in weight from birth to maturity of the population of male guinea-pigs reared from weaning on one or other of the diets. Some of the young in each group (see p. 312) came from mothers living on the sugar-beet diet, and some from mothers having diet S.G. I and they themselves had had access to the same diet as their mothers until they were weaned. All the animals, therefore, are represented in the single part of the curve from birth to weaning. T h e mean increase in weight after weaning was more rapid on diet S.G. I , and the final weight was significantly greater.
Both populations ceased to gr0w-i.e. to gain weight-at about the same chronological age. When the performances of the individual animals were investigated, it was found that there was a highly significant correlation between birth weight and mature weight on each diet. The coefficients of correlation were 0.764 for diet S.G. I and 0.679 for the sugar-beet diet, both significant at the I yo level. I n other words, there was a strong probability that, given no change of environment, the large animal at birth would be a large animal at maturity. Fig. 3 shows the average body-weights of the male animals with birth weights over IOO g reared from weaning on diet S.G. I (curve ax) and of those with birth weights below IOO g reared on the sugar-beet mixture (curve by). If the weight at birth be accepted largely as a matter of prenatal nutrition (see above), these curves show essentially the effects of the two diets from conception to maturity. The differences were statistically significant. Again it is to be noted that both groups ceased to gain at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19650029
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Nutrition, growth and reproduction in cavies 3 I7 weight at about the same chronological age. Fig. 3 also shows the mean body-weights of the animals with birth weights below IOO g reared on diet S.G. I after weaning (curve bx) and of animals with birth weights over ~o o g reared on the sugar-beet mixture (curve ay). The advantage of a high and the disadvantage of a low weaning weight were eliminated before maturity by the nature of the diet after weaning, for both curves bx and ay fell between curves ax and by, showing that the full effects of the two diets from conception to maturity were avoided. Indeed, the group with the higher weight at weaning appeared to have the lower final weight, but the difference was not statistically significant. There can be little doubt, however, that the nature of the diet after weaning had a pronounced biological effect. 15.6 Table 5 shows the effect of the two diets after weaning on the weight and composition of the bodies of male guinea-pigs 8 months of age that had had birth weights (a) around 73 g, and (b) around 120 g. Information is given about the empty fat-free body weight at death and the water and fat in the carcasses, expressed as percentages of the fat-free body weight, the weights of several organs on the same basis, the weight of the intestines per unit of their length, the length of the body and various somatic measurements expressed as a percentage of this length. Each figure is the mean of measurements made on five animals. As shown graphically in Fig. 3 , a low birth weight and the sugar-beet diet after weaning produced the lightest adults and a high birth weight and diet S.G. I the heaviest adults, whereas the effects of birth weight and nutrition up to weaning could be nullified by reversing the plane of nutrition after weaning. The figures for fat tell a similar story. The animals reared on the sugarbeet diet tended to have heavier adrenals and lighter spleens than those on diet S.G. I, both suggesting that they were relatively undernourished. They also had heavier livers, but this in itself does not suggest undernutrition. The nature of the diets made at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19650029 no difference to the weights of the testes, heart, kidneys and pancreas, expressed as percentages of the fat-free body weight, and the weights of these organs have not, therefore, been included in Table 5 . The small and large intestines of the animals reared on sugar-beet were heavier per unit of fat-free body weight and rather heavier per cm of length, and both these findings may be attributed to functional hypertrophy (Fell, Smith & Campbell, 1963 )~ here brought about by the bulky nature of this diet. The head and the femur were long in relation to body length in the animals reared on the sugar-beet diet, both results to be expected in undernourished animals while still growing. Few adults have hitherto been investigated.
DISCUSSION
A comparison of the two diets as set out in Table 2 might have indicated that diet S.G. I was likely to be the better one for some purposes, and the reproductive performance of the guinea-pigs showed that this was so. The mothers on the sugar-beet mixture produced fewer litters and a smaller weight of young per litter than those on diet S.G. I , and considerably more of their young, particularly of the smaller young, died before they were weaned. Curiously, perhaps, the difference in diet made no significant difference to the weight gained by the young between birth and weaning, and during this time on both diets the smaller young made a greater gain/Ioo g bodyweight at birth than the larger young. This observation might have been made by Widdowson & McCance (1955) in their study of the physiological undernutrition of guinea-pigs of this age had not their experimental arrangement precluded it. It is perhaps worth mentioning that their animals came from a colony reared on the sugarbeet diet.
By making an assumption, for which there is considerable evidence (McCance, 1962) , that the size of the individual at birth in a pure-bred strain of animals is largely a matter of nutrition in utero whatever the nature of the maternal diet, it was possible to compare the effects of the two diets on growth from weaning to maturity in three ways: first (Fig. 2) when the weaning weights were equal, secondly, when a high plane of nutrition in utero gave place to life on the sugar-beet mixture and when a low plane of nutrition in utero gave place to life on diet S.G. I (Fig. 3) , and thirdly, when diet S.G. I and the sugar-beet mixture were consumed after high and low planes of nutrition in utero respectively (Fig. 3) . The first comparison gave results again suggesting the inferiority of the sugar-beet mixture, and the two diets produced significant differences between the compositions of the carcasses after death ( Table 5 ). The second comparison showed that the differences created by these two planes of nutrition from conception to weaning could be more than eliminated by reversing them afterwards, and the third comparison demonstrated that highly significant differences could be produced between animals on the high and low planes of nutrition if they were maintained from conception to maturity: in other words it showed that the effects of superior and inferior nutrition before birth and after weaning were cumulative ( Fig. 3 and Table 5 ).
So much for the direct results of these experiments on guinea-pigs. Instructive as they may in themselves be for those who may wish to rear guinea-pigs, their value at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19650029 may be enhanced by the inferences that can be drawn from them about the effects of nutrition on the welfare of other species and particularly man. If, for example, a mixture of the two populations, in proportions to be defined, be regarded as the analogue of a human population consisting of rich and poor or of wise and foolish, the experiments show how the spread of the weight of the human population at birth and maturity might be brought about. Further, they offer an opportunity of reproducing experimentally within a reasonable length of time some of the absorbing observations on human growth and stature that can never be put to direct test on man. It should be possible, for instance, to reproduce fairly easily the secular trends in children's heights and weights by altering progressively the diets of successive generations of guinea-pigs and to modify the experiments in any way desired-by introducing or excluding infections, for example. Finding the right animals for experiment is often the only way to understand and even, perhaps, to solve a physiological problem (Bernard, 1865).
S U M M A R Y
I. Guinea-pigs were bred and reared on two laboratory diets, one based on a sugarbeet-pulp mixture and the other on Short & Gammage's (1959) S.G. I purchased commercially.
2. T h e mothers on the sugar-beet diet bred less frequently and had smaller young or smaller litters than those on S.G. I. 3. There was a strong correlation between birth weight and adult weight on both diets.
4. The animals born and bred on the sugar-beet diet became significantly smaller adults than those on diet S.G. I. 5. If the diets of the young were reversed after weaning, the effect of the environment up to weaning could be nullified, and the weights of the adults fell between the weights of those reared on the two diets throughout.
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